Objective-To examine whether the accuracy of screening mammography varies according to symptomatic status reported at the time of screening. Setting-Victoria, Australia, where free biennial screening is provided to women aged 40 and older. Methods-We examined the sensitivity, specificity, and the positive predictive value of screening mammography by symptom status in 106 826 women from Victoria, who attended for first round mammography in 1994 and who did not have a personal history of breast cancer. Symptomatic status was divided into the following categories: asymptomatic; significant symptoms, if the woman reported a breast lump and/or blood stained or watery nipple discharge; and other symptoms, if reported. Unconditional logistic regression modelling was used to adjust for age, use of hormone replacement therapy (HRT), and family history. Results-Sensitivity was lower for women with other symptoms (60.0%) than asymptomatic women (75.6%), or women with significant symptoms (80.8%). Specificity was lower for women with significant symptoms (73.7%) than asymptomatic women (94.9%), or women with other symptoms (95.4%). Among women who had invasive cancer detected during screening interval, women with other symptoms were more likely to get a false negative result (odds ratio 1.79, 95% confidence interval 1.03 to 3.04) than asymptomatic women, after adjusting for age, use of HRT, and family history.
Despite the fact that screening can be defined as "the examination of asymptomatic people to classify them as likely, or unlikely, to have the disease that is the object of screening", 1 62% of Australian pamphlets promoting mammo-graphic screening do not indicate that screening is for asymptomatic women. 2 In Victoria, Australia, promotional material indicates that the programme is for women without breast symptoms or problems.
In Australia, where a national mammographic screening programme (BreastScreen Australia) was introduced in the early 1990s, significant symptoms are defined as a breast lump and/or blood stained or watery nipple discharge. The proportion of women who reported significant symptoms at screening varied from 0.7% to 7.5% across the states and territories. 3 States and territories have diVerent policies for women with significant symptoms: some states do not discourage women with significant symptoms from participating, while other states do not accept them into their programme. In Victoria, women with symptoms are accepted but not encouraged to attend for screening. Since August 1995, women with significant symptoms are recalled for assessment even if their mammography is normal. Women with other symptoms (symptoms not classified as significant) are recalled for assessment if there is a mammographic abnormality, otherwise a letter is sent to the woman and her nominated general practitioner (GP), advising that she visit her doctor for a physical examination of her reported symptoms.
In the United Kingdom, it is suggested that women report symptoms to their GP, however, many women with symptoms attend for screening (Patnick, J. Personal communication, 1998) and there are guidelines issued to radiographers about screening women with symptoms. 4 In the Netherlands, the information leaflets do not state that women with symptoms should not attend for screening. The screening programme screens these women and makes follow up contact with the GPs (Schouten, L. Personal communication, 1998).
If we accept women with symptoms into BreastScreen Victoria, it is appropriate to assess the performance of screening mammography for these women. To evaluate the accuracy of the screening programme in women with symptoms, we examined the sensitivity, specificity, and positive predictive value of the screening programme according to symptom status for women who attended for first round screening in 1994. Women with symptoms (significant and other symptoms) may be at higher risk of breast cancer, but the sensitivity and specificity of screening mammography are independent of the underlying incidence of breast cancer. However, sensitivity and specificity are conceptually related: if the test conditions remain constant, an increase in sensitivity will result in a reduction in specificity, and the corollary is also true. 1 Therefore, the sensitivity and specificity will only vary if the characteristics of the women with symptoms aVect the performance of screening mammography, or if there are particular policies in place (as is the case in Victoria) for the care of women with symptoms that favour an increase in specificity or sensitivity at the expense of the other.
Methods
The study population consists of all women who attended BreastScreen Victoria for screening mammography for the first time between 1 January 1994 and 31 December 1994. We excluded women who reported a personal history of breast cancer and women who were not resident in Victoria at the time of screening.
DETAILS OF THE PROGRAMME
Details of the programme have been described before. 5 Briefly, BreastScreen oVers free biennial, two view mammography through an organised screening service to women aged 40 and older. Women aged between 50 and 69 are the target group, and those who are listed on the electoral roll and who have never attended for screening are sent an invitation. Women aged 50 to 74 receive a reminder for rescreening 23 months after their previous screen if they have not made a further appointment. Although screening is biennial, women may attend for rescreening from 21 months after their previous screen.
The films are read independently by two radiologists. If they disagree over whether to recall, the films are either reviewed by the two radiologists and a consensus reached, or a third reader makes the decision. Women are then recommended for routine rescreen or are referred for assessment. Assessment may include clinical examination, further radiographs, ultrasound, or biopsy. After assessment, women may have a cancer diagnosed, be recommended for routine rescreening, or be recommended for further assessment (early review).
SELF REPORTED DATA
At the time women attend for screening, they complete a questionnaire giving details of previous mammography, family history of breast cancer, date of birth, use of hormone replacement therapy (HRT), and symptomatic status. For family history, women are asked if their mother, a daughter, or a sister had breast cancer, and the age at diagnosis. We define a strong family history as having a first degree relative diagnosed with breast cancer before the age of 50. Any other family history is recorded as "other family history". In 1994, women were asked if they had a current breast lump, a current blood stained or watery nipple discharge, and to detail any other symptoms. It is diYcult to judge the importance of many of the self reported symptoms, as the questionnaire may prompt some women to report symptoms that are part of their normal breast cycle, and that had not been troublesome, and other women may fail to report significant symptoms. Nonetheless, for this analysis we refer to "significant symptoms" as a current breast lump and/or blood stained or watery discharge, and "other symptoms" as any other symptom, including breast pain and tenderness.
POLICY FOR WOMEN WITH SIGNIFICANT

SYMPTOMS
It is BreastScreen Victoria policy that a woman who reports a breast lump that has been present for less than than 12 months, which has not been investigated by a doctor, and/or a current blood stained or watery nipple discharge is judged to have highly suspicious symptoms and is recalled for assessment irrespective of the mammographic findings. This practice was first adopted in some services in 1992, although data regarding the length of time the lump had been present, and whether they had seen a doctor about the lump, were not routinely collected at all services until 11 August 1995. Therefore, the policy was not routinely implemented until August 1995. Before that time, some women with significant symptoms but normal mammography were referred back to their GPs (Sanders, P. BreastScreen Victoria Coordination Unit. Personal communication). In 1994, only 0.5% of women who had assessment were recalled because of significant symptoms without evidence of a mammographic abnormality. 6 If women who had significant symptoms and a normal mammogram were referred to their GP for further investigation and were found to have invasive cancer this was called an interval cancer for the purposes of this study.
CLASSIFICATION OF SUBJECTS
Subjects were classified into four categories: true negative, false positive, true positive, and false negative. True negative cases were women who did not develop cancer during the screening interval and who were not referred for assessment. False positive cases were women referred for assessment following screening, who did not have invasive cancer diagnosed. True positives were cases of invasive breast cancer diagnosed as a result of screening. False negatives were women who developed invasive breast cancer during the interval between attending for screening and the next recommended screening attendance (usually 24 months).
Cancer cases only included invasive cancers because ductal carcinoma in situ is predominantly a screen detected lesion and will inflate estimates of sensitivity. The screening interval was defined as 24 months from the screening examination, except in the unusual circumstance where a woman died or moved between states. It is unlikely that migration out of the state would aVect the estimates of the interval cancer rate and sensitivity because less than 2% of people from Victoria move out of the state per year. 7 Interval cancers were identified by linking the Victorian BreastScreen Registry records of eligible women with the Victorian Cancer Registry records for all invasive breast cancers diagnosed between 1 January 1994 and 31 December 1996. Details of the matching process have been described before. 5 Breast cancers are fast tracked by the cancer registry to ensure all cases are registered within six months of the end of the previous year. This match took place in September 1997. If invasive breast cancer was diagnosed at a subsequent screen, performed 21 to 24 months after a woman's first screen, this was considered an interval cancer (false negative) if a breast lump or blood stained or watery nipple discharge in the aVected breast was reported at the time of the second screen. 5 
STATISTICAL METHOD
Sensitivity is the number of women with screen detected invasive cancer (true positive) divided by the sum of the screen detected (true positive) and interval (false negative) invasive cases. Specificity is the number of true negative cases divided by the true negatives and false positives. These measures of sensitivity and specificity are not direct measures of the sensitivity and specificity of the mammography per se because they are also dependent on the screening interval (sensitivity) and screening policies, such as the policy for women with significant symptoms. They are also not strictly measures of programme sensitivity or programme specificity because they are limited to first round attenders over a 2 year period, and measures of programme validity should be taken on the target population women over the duration of the programme. 8 The positive predictive value is the likelihood of having invasive cancer if one is recalled for assessment (true positive cases divided by the sum of the true positive and false positive cases). Sensitivity, specificity, and positive predictive value are expressed as percentages. Asymptotic 95% confidence intervals were calculated around these percentages, assuming a binomial distribution.
Unconditional logistic regression modelling was used to control for potential confounders (age, HRT status, and family history). Age and family history might be associated with symptoms status and have been related to the accuracy of screening mammography. [9] [10] [11] [12] Women on HRT might be more likely to experience breast pain and tenderness (other symptoms), 13 and HRT use has been associated with a reduction in the in the accuracy of screening mammography. [14] [15] [16] [17] [18] [19] [20] [21] Age was fitted as a continuous variable, and family history (no family history, other family history, and strong family history) and HRT use (yes or no) as categorical variables. We modelled the eVect of symptom status on the following: the proportion of false negatives among women who were diagnosed with cancer during the screening interval (analysis of sensitivity); the proportion of false positives among women who were not diagnosed with cancer during the screening interval (analysis of specificity); and the proportion of false positives among women referred for assessment (analysis of positive predictive value). After adjusting for confounders, we tested for interactions between symptomatic status and age, HRT status, and family history. A 5% significance level was used for all statistical tests.
Results
There were 106 826 women in this cohort. Table 1 shows the characteristics of the cohort by symptomatic status at screening. Most women (90.3%) were asymptomatic. Only 2.6% reported a breast lump or blood stained or watery nipple discharge (significant symptoms) and 7.1% reported other symptoms. Women aged between 40 to 49 years, and 80 and older were more likely to have other or significant symptoms than women aged between 50 and 79 years. Significant and other symptoms were more common in women who were using HRT than those who were not.
Of the 65 women who reported other symptoms and had invasive cancer (screen detected or interval), 41 reported pain, discomfort, or tenderness; four reported inverted nipples (including one woman who also reported pain); and the remainder reported a variety of other symptoms including lumpy breasts, thickening, burning, and itching. Table 2 shows the outcome of screening according to symptomatic status at screening. Sensitivity was lower in women with other symptoms than in asymptomatic women or women with significant symptoms. The sensitivity for women in the other symptoms category who reported breast pain or tenderness (n = 41) was 68.3% (95% confidence interval (CI) 54% to 83%). Specificity was more than 20% lower in women with significant symptoms than in asymptomatic women, or women with other symptoms. There were no statistically significant diVerences in the positive predictive values between any of the symptom categories. Table 3 shows the results of the logistic regression modelling. Among women who had cancer diagnosed during the screening interval, women with other symptoms were more likely to have a false negative screen. This eVect was slightly attenuated when we controlled for the confounding eVects of age, HRT status, and family history (adjusted odds ratio 1.79, 95% CI 1.03 to 3.14). After adjusting for confounding, women with significant symptoms were less likely to have a false negative screen (odds ratio 0.53, 95% CI 0.28 to 1.00) although the result was marginally insignificant.
When compared with asymptomatic women, the risk of a false positive mammogram in women who did not have breast cancer was decreased in women with other symptoms (adjusted odds ratio 0.89, 95% CI 0.80 to 1.00) and increased in women with significant symptoms (adjusted odds ratio 6.36, 95% CI 5.00 to 7.19).
There were no statistically significant diVerences in the risk of a false positive among women recalled for assessment between the diVerent symptom categories. None of the two way interactions between symptomatic status and age, HRT status, and family history were statistically significant in any of the logistic regression models.
Discussion
Our major finding is that the sensitivity of screening mammography for women with "other symptoms" is nearly 16% lower than asymptomatic women. Another significant finding is that women with significant symp-toms were more likely to get a false positive screening outcome (adjusted odds ratio 6.36, 95% CI 5.00 to 7.19), than women who did not have symptoms. Women with significant symptoms were less likely to have a false negative mammogram in the two year screening interval (odds ratio 0.53, 95% CI 0.28 to 1.00) than asymptomatic women.
The reduction in sensitivity in the "other symptoms" category relative to asymptomatic women cannot be explained by a diVerence in the cancer prevalence in these two groups, because sensitivity and specificity are independent of the prevalence of disease. As the specificity is only slightly higher in the "other symptom" group, this is unlikely to account for the reduction in sensitivity we describe.
Most women with "other symptoms" had breast pain or tenderness. Discomfort at the time of mammography may prevent adequate compression of the breast resulting in poor image quality. 22 In order to obtain an adequate image of the breast, it is advised that compression be applied until the breast is taut. 23 Firm compression of the breast is necessary for a number of technical reasons. Firstly, it immobilises the breast and eliminates motion blurring; it decreases the thickness of the breast and produces a uniform breast thickness that decreases scatter radiation and reduces the radiation dose; and by minimising the distance between breast structures and the film, and spreading the tissues apart, the resolution and sharpness of the image are optimised.
One of the factors that has been related to pain or discomfort experienced at the time of mammography is pre-existing breast pain. Two studies have not found a significant association between breast tenderness within three days of mammography and discomfort at mammography. 24 25 However, these were small studies: Cockburn et al had only seven women with pre-existing breast tenderness; and Polous and Rickard did not report how many women had pre-existing breast pain. Two other studies reported that women who have pre-existing breast pain are more likely to experience discomfort at the time of mammography. 26 27 Stomper et al studied 1847 women, of whom 367 reported pre-existing breast tenderness.
BreastScreen radiographers are taught to use firm compression during mammography to a level the women can comfortably tolerate, after an explanation of why compression is important in obtaining a good quality mammogram. If there is discomfort or pain, the process is aborted and further explanation and discussion is entered into until the woman is happy to proceed. Better compression can often be obtained with good explanation even if there is considerable discomfort. At the time of the study, the number of radiographers who had been fully trained by BreastScreen was limited, and it might be that less attention was paid to obtaining good compression with the woman's informed consent.
McNicholas et al found that breast pain was more common in women who had increased mammographic density, and high mammographic density has been associated with a reduction in the sensitivity of screening. 28 29 Previous studies have shown that use of HRT is associated with higher breast density for age, [30] [31] [32] and breast pain has also been associated with use of HRT. 13 However, we controlled for the eVect of HRT in our logistic regression analysis. It is particularly important to apply adequate compression in women who have high breast density to enable the separation of possibly superimposed densities, 33 and for other technical reasons. In order to assess whether the image quality or breast density could explain the lower sensitivity one could blindly review mammographic films from women with "other symptoms" and compare these with asymptomatic women. Women with breast pain and tenderness comprise 63% of all women who were in the other symptom category and had a sensitivity that was slightly higher (68.3%) than that for the entire category (60%). The remainder of the women in the other symptoms category reported symptoms such as inverted nipples, lumpy breasts, thickening, burning, and itching. It is possible that these symptoms may also cause discomfort at the time of mammography, impairing the capacity of the radiographer to achieve a high quality image.
The other major finding of this analysis is that women with significant symptoms had a significantly lower specificity than asymptomatic women due to the increased rate of recall for assessment. Many women with significant symptoms were recalled for clinical assessment even if their mammogram was normal. In addition, if radiologists know that a woman has reported significant symptoms at the time they read the mammogram, they might have a higher index of suspicion, and detect abnormalities that they would otherwise miss. And when they do detect an abnormality, they might be more likely to recall that woman for assessment than an asymptomatic women with the same abnormality. When the BreastScreen policy of referring all women with significant symptoms for clinical assessment regardless of symptomatic status at screening is routinely implemented, the specificity should drop to 0%, and the sensitivity will be even higher. Therefore, the increased rate referral of women with significant symptoms for clinical assessment probably explains the high sensitivity we describe. The uniform policy of referring all women with significant symptoms for clinical assessment regardless of screening outcome will decrease the positive predictive value of mammography. The positive predictive value would fall from 7.7% to between 2.1% (if no additional cancers were detected by this policy) and 2.6% (if all interval cancers were detected at clinical assessment). This low positive predictive value draws into question the value of performing screening mammography in this group.
In conclusion, we have found a statistically significant reduction in the sensitivity of screening mammography in women with "other symptoms", which were predominantly breast pain and tenderness. Possible explanations for this reduction might be inadequate breast com-pression leading to poor image quality or increased breast density. Further research is required to establish the reasons for this finding. However, it is important to inform women presenting with pain or tenderness that a satisfactory mammographic image requires a reasonable amount of compression of the breast.
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